The Olympias, Madera Lakos, and Mavres Petres Pb-Zn(Au,Ag) sulfide ore deposits are developed in calcitic-rhodochrositic marbles of the Paleozoic or older Kerdilia Formation, eastern Chalkidiki Peninsula, Northern Greece. Regionally the ore distribution is structurally controlled.
Biotite gneiss: Biotite gneiss is the most abundant rock type of the Kerdilia Formation. It varies from medium to coarse grained, banded or foliated, to extremely schistose. Plagioclase (modal 44%), quartz (27%), biotite (20%), garnet (4%), microcline, epidote, sphene, apatite, and zircon constitute its metamorphic mineralogy. The conditions of regional metamorphism as deduced from the application of pertinent geothermometers and barometers are 4 to 9 kbars pressure and 540 ø to 670øC temperature. (Kalogeropoulos et al., 1989b) .
Hornblende-biotite gneiss, amphibolites, plagioclase-microcline gneiss: These rock types are intercalated with the biotite gneisses and the marbles. They bear textures and structures similar to those present in the biotite gneisses and consist of the following respective metamorphic main mineralogies (Nicolaou, 1960; Dimitriadis, 1974; Kockel et al., 1977) : plagioclase (44%), hornblende (19%), biotite (16%), quartz (13%), epidote, garnet, sphene; hornblende (54%), plagioclase (39%), biotite (2%), clinopyroxene, epidote, sphene; plagioclase (36%), quartz (29%), microcline (25%), biotite (8%), and muscovite (2%). The ages assigned to distinct deformation and metamorphism events are not supported by pertinent isotopic evidence, and therefore any further discussion on these results will be premature. However, a point of significance is that even the greenschist facies metamorphism (Table 1) (Fig. 1) are also similarly deformed by tight isoclinal folds. This deformation has also affected a mafic phase of the granodiorite.
These two points combined with the data referred to above cannot exclude post-Eocene ages for the deformed parts of the sulfide mineralization.
Pegmatites-aplites
A dense network of tonalitic to granitic pegmatitesaplites is found in the area between Stavros and Stratoni villages, in the Kerdilia Formation (Fig. 1) . A small proportion of these rocks shows the same char- The unaltered pegmatites commonly consist of quartz, K-feldspar, and plagioclase, with biotite, muscovite, garnet, epidote, zircon, apatite, ilmenite, and allanite as accessories. In the altered pegmatites apart from the sulfide veins and disseminations, Kfeldspar is transformed to sericite, plagioclase to carbonate, biotite to chlorite, sphene to rutile, and garnet to biotite, chlorite, and sericite. These pegmatites according to Kalogeropoulos et al. (1989b) These dikes were initially characterized as andesites-dacites (Neubauer, 1956 ) but later were correctly classified as lamprophyres (Nicolaou, 1960) . These lamprophyres crosscut the metamorphics, and also the Stratoni granodiorite, along a northeast-southwest direction (Nicolaou, 1960) . The mineralogy consists of plagiodase, green amphibole, phlogopite, biotite, apatite, and quartz phenocrysts, whereas the groundmass is an assemblage of biotite, K-feldspar, and 
Relationship of ore and host rock
The host rock is white calcitic and rhodochrosite-, and/or Mn calcite-bearing pink rhodochrositic marble (Fig. 3E) . The two Mn carbonate minerals also occur early in the ore paragenesis (Fig. 3E) ß Cavity filling: This is a concentric deposition of rhodochrosite, sulfides, and minor quartz within cavities in the host marble. These cavities have variable sizes ranging from tens of centimeters to tens of meters. The sequence of deposition from marble to the cavity center is either rhodochrosite to sulfide or vice versa. (Fig. 5A and B) . On a megascopic scale, this sequential deposition may eventually result in a banded massive ore variety. (Fig. 5C) .
Banded: This consists of alternating bands rich in massive sphalerite, pyrite, arsenopyrite, minor galena, and quartz. (Figs. 5C, 6A and B) .
Veins-veinlets: Pyrites, sphalerite, galena, and other sulfides are' commonly filling, along with quartz, faults, and fractures in the host marble-forming veins, veinlets or dikes (Fig. 5D) . Disseminated sulfides in ' the host marble ( (Fig. 6E) or polymictic breccias (Fig. 6D ).
In addition mylonitic varieties of banded massive ore showing blastomylonitic textures have also been observed (Fig. 6C) . isoclinally folded quartz bands (Fig. 7) . These folds have a general strike of b axes 30 ø northwest and a plunge of 10 ø north. The evidence of such deformation is also deciphered from ore microscopic studies. Recrystallization textures and brittle fracturing are also observed in the deformed ore (see also Ore Mineralogy section). 
Ore Mineralogy and Mineral

Quartz
Quartz is one of the major gangue minerals intimately associated with the sulfide ores. Quartz from undeformed sulfide-bearing veins and cavity-filling ore shows no evidence of deformation and the observed triple junctions are interpreted to be the result of hydrothermal recrystallization (Fig. 8A) . Contrary to this, quartz from the deformed ore clearly bears evidence of deformation and different stages of recrystallization ( Fig. 8B and C) .
Pyrite-arsenopyrite
Both pyrite and arsenopyrite occur mainly as coarse, idiomorphic grains. Those from undeformed ore bear evidence of growth zoning (Figs. 9A, B , and 10A) that is also shown by deformed arsenopyrites (Fig. 10.B) . Recrystallization in pyrites and brittle de- Cavity and fracture-filling undeformed sphalerites from Olympias, after etching, reveal a texture that consists of polycrystalline aggregates, deduced from the grain boundary touching relationships combined with the linear polysynthetic twins (Fig. 12C, D , and E). These textural features together with the wide chromatic zoning (yellow, brownish yellow, brown, deep brown) and the corresponding variations in the iron content (Tables 2 and 3 ) are similar to those observed in fracture-controlled and clearly metasomatic Pb-Zn(Au,Ag) sulfide mineralization from the Thermes area, northeastern Greece ( Fig. 12A and B ; Kalogeropoulos and Arvanitidis, 1988). Sphalerites from banded deformed ore bear evidence of deformation twinning (Fig. 13A and B) and intense mylonitization (Fig. 13C) . However, they exhibit chromatic and chemical zoning (Table 3 ) similar to those seen in the undeformed sphalerites. Moreoverl sphalerites from veinlets in an undeformed altered pegmatite at Olympias bear similar characteristics (Table 2) to those described above.
Galena
Galena is generally coarse grained, recrystallized, and is interstitial to sphalerite, pyrite, and/or arsenopyrite. In the deformed ore galena bears evidence of deformation such as bending of cleavages, kink banding, and translation gliding (Fig. 14A and B) . However, these features observed in galena. are not sufficient to measure the intensity of deformation Thermodynamic considerations (Sakai, 1968) and experimental data (Kajiwara and Krouse, 1971) indicate that under isotopic equilibrium conditions the /ia4S content of the sulfides present should decrease in the order pyrite > sphalerite > galena. All our samples but one follow this trend (Table 5) , suggesting a tendency toward equilibrium. The one discrepancy may be attributed to either isotopic disequilibrium or noncontemporaneous precipitation of the coexisting sulfides.
The extent to which isotopic equilibrium has been attained by utilizing the various plotting techniques of Smith et al. (1977 Smith et al. ( , 1978 The small difference in /ia4S values between the pyrite-sphalerite and the pyrite-galena pairs makes them unreliable geothermometers. In addition, the sphalerite-galena pair which exhibits a tendency to equilibrate faster (Kajiwara and Krouse, 1971) and gives temperatures in agreement with those obtained from fluid inclusions in sulfide and associated gangue minerals (Ohmoto and Rye, 1979 ) is underrepresented in our samples. Therefore, we cannot come to any conclusions as to the extent of equilibrium attained between the coexisting sulfides until additional more detailed sulfur isotope studies are attempted.
The narrow range of sulfur isotope ratios in all the sulfides and their proximity to 0 per rail (Table 5 and 
Oxygen and Carbon Isotopes
The values and gradients of oxygen and carbon isotopes of carbonate and silicate minerals in metamor- 3. Pyrite, sphalerite, galena, arsenopyrite, and chalcopyrite constitute the main ore minerals, whereas quartz, calcite, and rhodochrosite are the gangue minerals. This mineral assemblage is present in both the undeformed and deformed ore varieties.
All sphalerites show similar chemistry and fine zoning, regardless of deformation, suggesting that they belong to the same metallogenetic system, and were deposited after the onset of the amphibolite regional metamorphism.
4. The Cu-Pb-Zn, Cu-Pb+Zn-AgX103 bulk ore chemistries and Pb-Ag relations regardless of deformation point to a similarity to the eastern Chalkidiki sulfide ore deposits with the skarn replacement type.
Fluid inclusion data indicate that both unde-
formed and deformed ore types at Olympias were formed from H20-rich CO2-bearing fluids with low 9. On the basis of all the above data, a primarily magmatic fluid source is favored for the formation of both deformed and undeformed sulfide ore types.
